Introduction
As a by-product of the rubber tree and its plantation origin, Rubberwood (Hevea brasiliensis) has emerged as the most widely accepted environmental-friendly furniture material with good working properties in the South East Asian region (Ratnasingam et al. 2007 ). Nevertheless, its yield during rough-milling operation is low as reported previously by Ratnasingam and Scholz (2008) , and finger jointing is widely used to improve the processing recovery of the material (Ratnasingam 2004) . However, the optimal fingerjointing configuration for Rubberwood remains debatable within the industry, which in turn has far reaching economic implications. Therefore, this study aims to establish the optimum finger-jointing configuration for Rubberwood to enable successful finger jointing, which in turn allows its widespread use as a furniture raw material. 
Materials and methods
The study was carried out in two parts. The first part involved a survey of 25 large Rubberwood furniture manufacturers in Peninsular Malaysia. They were asked to identify the finger-jointing configuration used in their mills and the contribution of finger jointing towards yield improvement. In the second part, furniture-grade Rubberwood sawn lumber with 12 ± 2% moisture content, and dimensions of 20 mm × 75 mm and of 0.3 m in length were machined at the end, to produce fingers of 7, 11, 15 and 20 mm in lengths, with tips gap of 0.5 mm, pitch of 6 mm and finger tan θ slope of 8
• , representing industrial practices. One face of the finger was applied with an emulsion-type polyvinyl acetate (PVAc) adhesive, of three different viscosities, i.e. 12000, 15000 and 18 000 cP, obtained from a local adhesive supplier. The industrial grade adhesive was spread at 180 g/m 2 and the test panels were manually bonded with a content end pressure. The applied pressure was 25 N/mm 2 at 60
• C for 15 minutes. The parameters used in the fingerjointing operation were similar to the current industrial practice. The test panels were conditioned for 24 hours in constant environment, prior to bending strength tests to evaluate the modulus of elasticity (MOE) and modulus of rupture (MOR) of the finger-joints, conducted as described in Ozcifci and Yapici (2007) . A total of 20 replicas were used for each variable, resulting in a total of 180 test panels.
Results
The survey results showed that different finger-jointed configurations are used in the Rubberwood furniture manufacturing industry (Table 1 ), suggesting that a guideline for finger-jointed Rubberwood is lacking within the industry. However, the respondents indicated that finger jointing improved the average processing yield in rough milling operations by 20%. This has far-reaching economic implications towards the low processing yield of Rubberwood, as reported previously by Ratnasingam and Scholz (2008) . In evaluating the strength of the different finger-configurations, it was found that the highest bending strength was obtained in test panels with fingers of 20 mm in length due to the greater bonding area (Özcifci and Yapici 2007), although the bending strength of the test panels with fingers of 15 mm in length was not significantly different (Table 1) . Furthermore, it was found that the PVAc adhesive with the highest viscosity (18 000 cP) resulted in the highest bending strength, especially in test panels with finger lengths of more than 15 mm (Table 1) . The results from this study are parallel to the findings reported in Cheng and Sun (2006) , who pointed out that low viscosity adhesives penetrated more into the substrate creating a poor adhesivesubstrate interface, which in turn resulted in lower bonding strength.
Industrial Implications
The low yield in Rubberwood rough milling was significantly improved by finger-jointing operation, and the use of fingers of 15 mm in length, bonded with high viscosity PVAc adhesive produced the most optimum result in terms of bonding strength and process economics. Although the use of longer fingers increased the strength of the fingerjointed panels, the strength gain was offset by the increased loss of material during the machining process. This study clearly shows that finger jointing is a successful technique to improve the yield in Rubberwood furniture manufacturing industry, and adhering to the recommended finger configuration and adhesive application can optimize the final quality and process economics.
